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HIGHLIGHTS 


•  A  newly  synthesized  Ni— Pt/meso- 
A1203  catalyst  is  reported. 

•  The  catalyst  shows  excellent  activity 
for  selective  decomposition  of 
N2H4  H20  to  H2. 

•  The  Ni-based  catalyst  may  promote 
the  application  of  N2H4H20  as  a 
viable  H2  carrier. 
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The  catalyst  with  high  activity,  100%  selectivity  and  good  durability  is  highly  desirable  in  developing  a 
hydrous  hydrazine-based  hydrogen  generation  system.  Herein  we  report  the  synthesis  of  nickel— plati¬ 
num  (Ni— Pt)  bimetallic  nanoparticles  supported  on  mesoporous  alumina  (MA)  using  a  simple  one-pot 
evaporation-induced  self-assembly  method.  The  Ni-Pt/MA  catalyst  exhibits  excellent  activity  and 
satisfactory  stability  for  selectively  catalyzing  the  decomposition  of  hydrous  hydrazine  to  generate 
hydrogen  at  mild  temperatures,  which  compares  favorably  with  the  performance  of  the  catalysts 
developed  to  date.  The  facile  synthesis  of  high-performance  and  cost-effective  Ni-based  catalyst  is  of 
clear  significance  for  the  development  of  hydrous  hydrazine  as  a  viable  hydrogen  carrier. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Hydrogen  storage  is  a  key  enabling  technology  for  the  extensive 
use  of  H2  as  an  energy  carrier.  For  a  long  period,  the  materials 
capable  of  reversible  dehydrogenation  were  prized  in  hydrogen 
storage  research.  But  decades  of  intensive  studies  on  metal  hy¬ 
drides,  complex  hydrides  and  physisorbents  led  to  no  viable 
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material  that  can  reversibly  store  large  amount  of  H2  at  moderate 
temperatures  with  fast  kinetics  [1,2].  This  situation  stimulated  the 
development  of  chemical  hydrogen  storage  technology  as  an 
alternative  solution  for  mobile  and  portable  H2  source  applications 
[3-5  .  Among  the  materials  of  interest,  hydrazine  monohydrate 
(N2H4  H2O)  is  a  less  well  explored  but  very  promising  candidate 
[6,7  .  N2H4  H2O  is  a  liquid-phase  material  that  can  be  safely  stored 
under  ambient  conditions.  This  offers  a  clear  potential  to  take 
advantage  of  the  existing  liquid-based  distribution  infrastructure. 
N2H4  •  H2O  has  a  high  hydrogen  density  (8  wt%),  a  relatively  low  cost 
and  is  readily  available.  Importantly,  the  decomposition  of 
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Fig.  1.  Schematic  diagram  of  the  preparation  of  Ni-Pt  bimetallic  catalyst  supported  on  mesoporous  alumina. 


N2H4  -  H20  does  not  generate  any  solid  byproducts,  which  is  of  great 
benefit  for  the  design  of  hydrogen  source  system.  The  combination 
of  these  favorable  attributes  makes  N2H4H20  an  even  more 
competitive  hydrogen  carrier  compared  with  the  previously 
extensively  studied  chemical  hydrides,  like  sodium  borohydride 
(NaBH4)  and  ammonia  borane  (NH3BH3). 

N2H4^N2  +  2H2,  AH  = -95.4  kj  moP1  (1) 

3N2H4^N2  +4NH3j  AH  =  -157  kj  mol1  (2) 

Hydrazine  (N2H4)  is  the  effective  hydrogen  storage  component 
of  N2H4  H20,  which  decomposes  via  two  competitive  reactions 
following  Eqs.  (1)  and  (2),  respectively.  From  a  perspective  of 
hydrogen  storage,  Reaction  (1)  must  be  selectively  promoted  and 
Reaction  (2)  restrained.  To  this  end,  a  number  of  transition  metal 
catalysts  or  their  alloys  have  been  recently  developed,  like  Ir/y- 
A1203  [8],  Ni— A1203— HT  [9],  FeB/MWCNTS  [10],  Ir,  Rh  [11],  and 
Ni-M  (M  =  Ir,  Pt,  Rh,  Pd,  Fe,  Mo)  [12-25  .  These  catalysts  showed 
varied  H2  selectivity  and  catalytic  activity  towards  the  decompo¬ 
sition  reactions  of  N2H4  H20,  from  which  two  empirical  rules  can 
be  derived.  One  is  that  alloying  may  remarkably  enhance  the  cat¬ 
alytic  activity  and  H2  selectivity  of  the  catalyst  [12-18].  The  other  is 
that  use  of  basic  support  to  immobilize  catalyst  nanoparticles  may 
render  not  only  improved  durability,  but  also  enhanced  H2  selec¬ 
tivity  [9,19-21,24,25  .  In  the  past  years,  employment  of  alloying 
and/or  immobilization  strategies  had  yielded  several  novel  cata¬ 
lysts,  which  enable  selective  decomposition  of  N2H4  H20  to 
generate  H2  at  mild  conditions.  But  from  a  practical  point  of  view, 
the  currently  available  catalysts  show  only  moderate  catalytic  ac¬ 
tivity  and  problematic  durability,  which  causes  problems  on  reac¬ 
tion  kinetics  and  controllability  of  H2  generation  process.  This 
necessitates  further  exploration  of  advanced  catalyst  for  developing 
N2H4  H20  as  a  viable  hydrogen  carrier. 

Herein,  we  report  the  synthesis  of  Ni-Pt  nanocatalyst  supported 
on  mesoporous  alumina  (denoted  as  Ni-Pt/MA)  using  a  simple 
one-pot  method.  The  Ni-Pt/MA  catalyst  shows  excellent  activity 
and  satisfactory  stability  for  selectively  catalyzing  the  decomposi¬ 
tion  of  N2H4  H20  to  generate  H2,  which  compares  favorably  with 
the  catalysts  developed  to  date. 

2.  Experimental 

2.2.  Chemicals  and  preparation  of  the  catalysts 

Nickel  (II)  acetylacetonate  (Ni(acac)2,  95%),  chloroplatinic  acid 
(H2PtCl6-6H20,  Pt  content  >  37%),  aluminum  isopropoxide 
(Al(OC3H7)3,  99.99%),  anhydrous  ethanol  (C2H5OH,  99%)  and  nitric 
acid  (HN03,  67%)  were  purchased  from  Aladdin.  (EO)2o(PO)7o(EO)2o 
triblock  copolymer  (Pluronic  P123,  typical  Mn  =  5800)  was 


purchased  from  Sigma-Aldrich  and  N2H4  H20  (99%)  from  Alfa 
Aesar.  All  chemicals  were  used  as  received. 

The  catalysts  with  varied  alloy  compositions  but  fixed  alloy/ 
support  molar  ratio,  20  mol%  (Niioo-x- Ptx)/80  mol%  MA  (x  =  0, 3,  5, 
7, 10, 13, 15  and  100,  respectively),  were  prepared  using  a  one-pot 
evaporation-induced  self-assembly  (EISA)  method  [26-28].  In  a 
typical  synthesis  procedure,  1.60  g  of  Pluronic  PI 23  surfactant, 
2.0  mmol  of  Ni(acac)2  and  H2PtCl6  with  an  expected  stoichiometric 
ratio  were  dissolved  in  12  mL  of  C2HsOH  (denoted  as  solution  A)  at 
40  °C,  then  another  solution  B  containing  20  mL  of  C2H5OH,  3.27  g 
of  Al(OC3H7)3  (16  mmol,  corresponding  to  8  mmol  of  Al203)  and 
2.6  mL  of  HNO3  was  added  into  solution  A  under  magnetic  stirring. 
The  solution  mixture  was  sealed  and  continuously  stirred  for  5  h, 
and  then  transferred  to  an  oven  at  60  °C  for  evaporation  of  C2H5OH 
for  48  h.  The  as-prepared  xerogel  was  calcined  at  400  °C  in  air  for 
4  h  to  remove  the  template,  followed  by  reduction  under  H2  at¬ 
mosphere  for  another  1.5  h.  All  the  as-prepared  catalysts  were 
stored  in  an  Ar-filled  glove  box  to  avoid  oxidation. 

2.2.  Catalyst  performance  testing 

The  catalytic  decomposition  of  N2H4  H20  was  conducted  in  a 
50  mL  two-neck  flask  under  magnetic  stirring.  During  the  mea¬ 
surement,  the  flask  was  placed  in  a  thermostat  that  was  equipped 
with  a  water  circulating  system  to  maintain  the  reaction  temper¬ 
ature,  typically  within  ±0.5  °C.  In  a  typical  measurement  run,  the 
alkaline  N2H4  H20  solution  was  pre-heated  and  held  at  the 


Fig.  2.  Adsorption/desorption  isotherms  and  pore  size  distributions  (inset)  of  the 
pristine  MA  and  MA-supported  catalyst. 
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Table  1 

Adsorption  parameters,  metal  grain  size,  particle  size  and  lattice  constant  of  various 
samples. 


Samples 

Adsorption  parameters 

Metal 
grain 
size  (nm) 

Metal 
particle 
size  (nm) 

Lattice 
constant  (A) 

BET 

(m2  g -’)•> 

(cm3  g  3) 

DP 

(nm)c 

MA 

274 

0.46 

5.3 

— 

— 

— 

Ni/MA 

260 

0.49 

5.8 

3.4 

3.8 

3.52 

Nig7Pt3/MA 

302 

0.36 

3.3 

2.6 

2.8 

3.60 

Nig3Pt7/MA 

295 

0.41 

3.6 

2.1 

2.4 

3.63 

Ni87Pti3/MA 

290 

0.37 

3.8 

1.8 

1.9 

3.65 

Pt/MA 

298 

0.47 

4.2 

7.0 

7.4 

3.89 

a  BET  specific  surface  area. 
b  Total  pore  volume  was  obtained  at  P/P0  =  0.99. 

c  Average  pore  diameter  was  calculated  by  BJH  method  using  the  desorption 
isotherm  branch. 

d  Metal  grain  size  was  estimated  from  the  XRD  result. 
e  Metal  particle  size  was  determined  by  the  TEM  morphology  observation. 
f  The  lattice  constant  value  was  determined  from  the  XRD  result. 


designated  temperature,  and  then  the  powdery  catalyst  attached 
on  a  magnetic  stirring  bar  was  dropped  into  the  solution  to  initiate 
the  decomposition  reaction.  The  gaseous  products  were  allowed  to 
pass  through  a  trap  containing  1  M  HC1  to  absorb  NH3,  if  any,  and 
then  measured  by  a  gravimetric  water-displacement  method  using 
an  electronic  balance  with  an  accuracy  of  0.01  g.  The  weight  data 
were  automatically  recorded  by  data  acquisition  software  (one 


datum  every  10  s)  and  the  determined  gas  amount  was  normalized 
to  standard  condition. 

In  determination  of  the  reaction  rate  (h-1),  all  the  Ni  and  Pt 
atoms  were  assumed  to  take  part  in  the  catalytic  reaction  and  the 
time  required  for  a  50%  conversion  of  N2H4  H2O  was  used  in 
calculation  [14,19].  The  selectivity  towards  H2  generation  (X)  was 
calculated  following  Eq.  (3),  which  can  be  derived  from  Eqs.  (1 )  and 
(2). 


X 


n(N2)  +  n(H2)l 
n(  N2H4)  . 


2.3.  Characterization  of  the  catalysts 

The  catalyst  samples  were  characterized  by  powder  X-ray 
diffraction  (XRD,  Rigaku  D/MAX-2500,  Cu  Ka  radiation),  X-ray 
photoelectron  spectroscopy  (XPS,  ESCALAB  250,  A1  Ka  X-ray  source) 
and  transmission  electron  microscopy  (TEM,  FEI  Tecnai  F20),  which 
is  equipped  with  an  energy  dispersive  X-ray  spectroscopy  (EDS) 
analysis  unit.  In  the  XPS  measurements,  high-resolution  scans  of 
elemental  lines  were  recorded  at  50  eV  pass  energy  of  the  analyzer. 
All  the  binding  energies  (BEs)  were  calibrated  using  the  C  Is  peak  (at 
284.6  eV)  of  the  adventitious  carbon  as  an  internal  standard.  The 
curve  fitting  was  performed  using  XPS  PEAK  4.1  software.  In  prep¬ 
aration  of  the  TEM  sample,  the  catalyst  powder  was  first  dispersed  in 
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Fig.  3.  (a)  XRD  patterns  of  Ni/MA,  Ni87Pti3/MA  and  Pt/MA  catalyst  samples;  (b)  TEM  image,  (c)  HRTEM  image  (inset:  FFT  spectrum)  and  (d)  metal  particle  size  distribution  of 
Ni87Pti3/MA  catalyst. 
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C2H5OH  solution  by  ultrasound  and  then  deposited  on  a  copper  grid 
coated  with  a  holy  carbon  film.  The  specific  surface  area,  total  pore 
volume  and  average  pore  size  of  the  catalyst  sample  were  measured 
by  N2  adsorption/desorption  isotherm  at  77  I<  using  the  Bru- 
nauer-Emmett-Teller  (BET)  method  and  Barrett-Joyner-Halenda 
(BJH)  model  in  a  Micromeritics  ASAP  2010  apparatus.  Before  each 
measurement,  the  sample  was  degassed  in  vacuum  at  200  °C  for  4  h. 
Element  analyses  of  the  catalyst  samples  were  conducted  in  an 
inductively  coupled  plasma-atomic  emission  spectrometry  (ICP-AES, 
Iris  Intrepid). 

3.  Results  and  discussion 

A  series  of  MA-supported  monometallic  Ni,  Pt  and  bimetallic 
Ni-Pt  catalysts  were  synthesized  using  a  one-pot  EISA  method,  as 
schemed  in  Fig.  1.  Evaporation  induces  micelle  formation  and 
concurrent  partitioning  of  the  Ni  and/or  Pt  precursors  into  the 
micellar  interiors  and  the  alumina  precursors  surrounding  the 
micellar  exteriors  [29,30  .  After  removing  the  template  through 
calcination  and  following  a  reduction  process,  the  alumina  (AI2O3) 
forms  a  stable  mesoporous  skeleton  and  the  metal  nanoparticles 
are  uniformly  dispersed  in  the  pore  channels  of  the  MA. 

Fig.  2  presents  the  nitrogen  adsorption/desorption  isotherms 
and  the  pore  size  distributions  of  the  pristine  MA  and  various  MA- 
supported  catalysts.  It  was  observed  that  all  the  samples  showed 
type  IV  isotherms  with  HI  hysteresis  loops,  which  were  charac¬ 
teristic  for  mesoporous  materials  with  “cylindrical-shaped”  chan¬ 
nels.  But  in  the  parallel  low-angle  XRD  analysis,  we  did  not  observe 
diffraction  peak  at  low  angle  range  {26  =  0.5-2°).  These  results 
indicate  that  the  MA  prepared  under  the  applied  condition  has 
long-range  disordered  mesoporous  structure.  Comparison  of  the 
adsorption  parameters  of  the  various  samples  (see  in  Table  1 )  found 
that  metal-loading  on  MA  to  a  molar  ratio  of  1 :4  exerts  no  signifi¬ 
cant  influence  on  specific  surface  area,  pore  volume  and  pore 
diameter.  This  indicates  an  important  advantage  of  the  one-pot 
EISA  method  over  the  traditional  impregnation  method,  which 
often  causes  pore  blockage  or  even  damage  of  the  support 
materials  [27]. 

Fig.  3a  shows  the  XRD  patterns  of  Ni/MA,  Pt/MA  and  Ni-Pt/MA 
catalysts.  It  was  observed  that  the  characteristic  diffraction  peaks  of 
Y-AI2O3  were  absent  in  all  the  catalyst  samples,  indicating  the 
amorphous  nature  of  the  alumina  support.  The  Pt/MA  catalyst 
clearly  showed  the  well-indexed  peaks  of  fee  Pt  (PDF  65-2868).  But 
in  the  Ni-Pt/MA  catalyst,  the  diffraction  peaks  of  Pt  were  observed 
to  disappear.  This,  together  with  the  observed  shift  of  (111)  peak  of 
Ni  (PDF  65-0380)  towards  lower  angle,  clearly  indicates  the  for¬ 
mation  of  Ni-Pt  alloy.  As  a  consequence  of  the  substitution  of  larger 
Pt  atoms  for  the  smaller  Ni  atoms,  the  lattice  constant  of  fee  Ni 
increases  with  increasing  the  amount  of  Pt  (see  in  Table  1). 
Meanwhile,  it  was  found  that  increasing  the  Pt  amount  resulted  in 
decrease  of  the  average  grain  size,  as  determined  by  the  Scherrer 
equation.  Presumably,  the  formation  of  Ni-Pt  alloy  perturbs  the 
crystal  growth  of  Ni  nanocrystallites.  As  seen  in  Fig.  3b,  micro¬ 
structure  study  of  a  representative  NisyPt^/MA  catalyst  by  TEM 
clearly  showed  a  uniform  dispersion  of  Ni-Pt  alloy  nanoparticles 
on  the  amorphous  alumina  matrix,  with  a  narrow  size  distribution 
~2  nm  in  diameter.  According  to  HRTEM  observation  and  fast 
Fourier  transform  (FFT)  analysis,  most  Ni-Pt  nanoparticles  have 
single-crystal  structure  with  a  lattice  fringe  of  0.21  nm,  which  is 
larger  than  that  of  the  (111)  plane  of  fee  Ni  (0.203  nm),  indicating 
the  alloying  of  Ni  with  Pt.  These  results  agree  well  with  those  ob¬ 
tained  from  XRD  analysis. 

The  catalytic  properties  of  the  series  of  Ni-Pt/MA  catalysts  for 
the  decomposition  reactions  of  N2H4  H2O  were  examined  and 
compared  with  the  corresponding  monometallic  catalysts.  As 


shown  in  Fig.  4,  Pt/MA  catalyst  was  totally  inactive,  and  the  Ni/MA 
catalyst  exhibited  poor  catalytic  activity  and  moderate  H2  selec¬ 
tivity  in  catalytic  decomposition  of  N2H4  H2O.  But  upon  combining 
the  two  elements  together,  the  resulting  Ni-Pt/MA  catalysts 
showed  drastically  enhanced  catalytic  performance.  For  example, 
incorporation  of  only  3  mol%  Pt  into  Ni/MA  catalyst  resulted  in  a  -6- 
fold  enhancement  in  catalytic  activity  and  an  increased  H2  selec¬ 
tivity  from  70%  to  92%.  When  the  Pt/Ni  molar  ratio  was  increased  to 
13:87,  which  has  an  actual  composition  of  19.8  mol%  Nig7.3Pti2.7 / 
81.2  mol%  MA  according  to  the  elemental  analyses  results,  the 
catalyst  exhibited  an  optimal  catalytic  performance.  It  enables  a 
complete  decomposition  of  N2H4  H20  to  generate  H2  within  5  min 
at  50  °C  in  the  presence  of  0.5  M  NaOH.  The  reaction  rate  per  unit 
mole  of  active  site  of  the  NigyPt^/MA  catalyst  is  -160  Tr1  at  50  °C, 
which  stands  out  as  the  top  level  of  the  N2H4  H2O  decomposition 
catalysts  reported  to  date  (see  in  Fable  2).  Notably,  NaOH  plays  an 
important  role  in  the  catalytic  decomposition  of  N2H4  H2O.  A  set  of 
control  experiments  found  that  addition  of  appropriate  amount  of 
NaOH  exerts  remarkable  promoting  effects  on  both  reaction  rate 
and  H2  selectivity  (see  in  Fig.  5).  Similar  phenomenon  was 
repeatedly  observed  in  the  N2H4  H2O  systems  using  noble  or  non¬ 
noble  metal  catalysts  [15,18,21,22,25  .  Currently,  the  mechanism 
underlying  the  promoting  effects  of  NaOH  is  still  unclear.  One 
possible  explanation  is  that  a  highly  basic  environment  will  restrain 
the  formation  of  basic  NH3  18,22].  Alternatively,  hydroxyl  ions  may 
participate  in  the  surface  reaction  and  alter  the  reaction  pathway. 

The  catalytic  decomposition  behaviors  of  N2H4  H2O  over  the 
NigyPt^/MA  catalyst  were  further  examined  at  varied 


Fig.  4.  Time  course  profiles  (top)  and  Pt-content  dependence  of  reaction  rate  and  H2 
selectivity  (bottom)  of  the  system  composed  of  4  mL  of  0.5  M  N2H4H20  +  0.5  M  NaOH 
solution  and  Ni-Pt/MA  catalysts  at  50  °C.  The  catalyst/N2H4H20  molar  ratio  was  fixed 
at  1:10. 
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Table  2 

A  comparison  of  catalytic  decomposition  performance  of  N2H4  H2O  using  Ni87Pti 3/ 
MA  and  other  catalysts  from  open  literature. 


Catalyst 

Reaction  condition 

TOF 

(10 

h2 

selectivity 

(%) 

Ref. 

Catal./N2H4 
(molar  ratio) 

NaOH 

(M) 

T  (°C) 

Ni/Al203 

0.4 

0 

30 

2.2 

93 

[9] 

Nio.95Iro.05 

0.1 

0 

25 

1.6 

100 

[12] 

Nio.99Pto.01 

0.1 

0 

70 

6 

100 

[13] 

G4-OH  (Ni4sPt12) 

0.1 

0.4 

70 

120 

100 

[15] 

Rh4Ni 

0.1 

0 

25 

3.8 

100 

[16] 

Ni5oFe5o 

0.1 

0.4 

70 

3.2 

100 

[18] 

Nio.9Pto.i/Ce203 

0.1 

0.5 

25 

28.1 

100 

[21] 

RhsNi/GO 

0.1 

5 

25 

12 

100 

[22] 

Ni0.90Pt0.05Ph0.05/La2O3 

0.1 

0.5 

25 

45.9 

100 

[24] 

Ni64.iM°n.5B24.4/La(OH)3 

0.3 

2 

50 

13.3 

100 

[25] 

Nilro.o59/Al203 

0.3 

0 

30 

12.4 

>99 

[19] 

50 

36.9 

>99 

70 

84.3 

97 

NiPto.057/Al203 

0.3 

0 

30 

16.5 

97 

[20] 

50 

56.1 

99 

70 

93.9 

97 

Ni87Pti3/MA 

0.1 

0.5 

30 

50 

100 

This 

50 

160 

100 

work 

70 

492 

100 

temperatures.  As  expected,  the  reaction  rate  increases  with  tem¬ 
perature,  e.g.,  elevating  the  reaction  temperature  from  30  to  70  °C 
caused  ~10-fold  increase  of  reaction  rate  (see  in  Fig.  6  and  Table  2). 
Interestingly,  such  kinetics  enhancement  was  achieved  without 
compromise  in  H2  selectivity.  The  decomposition  of  N2H4  H2O  over 
Ni87Pti3/MA  catalyst  exhibits  100%  selectivity  to  H2  generation  at  a 
temperature  range  of  30-70  °C.  This  is  in  sharp  contrast  to  the 
systems  using  Nio.99Pto.01  [13  ,  Nio.eoPdo.40  [17  ,  Ni5oFe5o  18],  or 
Ni-Al203-HT  [9]  catalysts,  which  showed  considerable 
temperature-dependence  of  H2  selectivity.  From  a  practical  point  of 
view,  high  and  temperature-independent  selectivity  to  H2  gener¬ 
ation  is  clearly  a  desirable  attribute  for  hydrogen  storage  applica¬ 
tion.  On  the  basis  of  the  temperature-dependent  rate  data,  the 
apparent  activation  energy  of  the  catalytic  decomposition  of 
N2H4  H2O  over  Nis7Pti3/MA  catalyst  was  determined  to  be 
55.7  ±  0.2  kj  mol-1,  which  is  comparable  to  the  values  for  the 
systems  using  Ni-Pt  [14  or  Ni-Al203-F1T  9]  catalyst.  In  addition, 
the  newly  developed  Nig7Pti3/MA  catalyst  was  tested  in  terms  of 


Fig.  6.  Decomposition  kinetics  curves  of  the  system  composed  of  4  mL  of  0.5  M 
N2H4  H2O  +  0.5  M  NaOH  solution  and  Ni87Pti3/MA  catalyst  at  varied  temperatures. 
The  catalyst/N2H4-H20  molar  ratio  was  fixed  at  1:10.  The  inset  gives  the  Arrhenius 
treatment  of  the  temperature-dependent  rate  data  for  determination  of  the  apparent 
activation  energy. 

durability  in  cyclic  usage.  As  shown  in  Fig.  7,  the  NigyPt^/MA 
catalyst  retained  98%  of  its  initial  activity  and  100%  H2  selectivity 
even  at  its  10th  time  usage.  Such  cyclic  stability  compares  favorably 
with  the  results  of  open  literature.  Presumably,  the  uniform 
dispersion  of  Ni-Pt  nanoparticles  and  strong  metal-support  inter¬ 
action  arising  from  the  one-pot  synthesis  process  and  the 
confinement  of  nanoparticles  inside  the  pore  channels  of  MA  all 
contribute  to  the  satisfactory  durability  of  the  Nig7Pti3/MA  catalyst. 

Employment  of  alloying  and  immobilization  strategies  had 
yielded  a  high-performance  Ni-Pt  catalyst,  which  showed  supe¬ 
rior  and  stable  catalytic  activity  towards  the  selective  decompo¬ 
sition  of  N2H4  H2O  to  generate  H2  at  mild  conditions.  But 
fundamentally,  the  mechanistic  reason  for  the  drastic  enhance¬ 
ment  of  catalytic  performance  arising  upon  alloying  Ni  with  Pt 
remains  unclear.  To  gain  insight  into  this  open  question,  we 
conducted  XPS  analysis  of  the  NigyPt^/MA  and  relevant  mono¬ 
metallic  catalysts.  As  shown  in  Fig.  8,  both  Ni  and  Pt  elements 
showed  two  chemically  different  entities  that  correspond  to 


[NaOH]  (M) 

Fig.  5.  Effect  of  NaOH  concentration  on  reaction  rate  and  H2  selectivity  of  the  system 
composed  of  4  mL  of  0.5  M  N2H4  H2O  +  x  M  NaOH  solution  (x  =  0,  0.25,  0.5,  0.75  and 
1.0,  respectively)  and  Ni87Pti3/MA  catalyst  at  50  °C.  The  catalyst/N2H4-H20  molar  ratio 
was  fixed  at  1:10. 


Fig.  7.  Cyclic  performance  of  the  Ni87Pti3/MA  catalyst  in  catalyzing  the  decomposition 
of  N2H4  H2O  at  50  °C.  The  catalyst/N2H4-H20  molar  ratio  was  fixed  at  1:10. 
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Fig.  8.  XPS  spectra  of  Ni/MA,  N^Pt^/MA  and  Pt/MA  catalyst  samples.  Note:  The  Pt  4f5/2  signal  interferes  with  the  Al  2p  signal. 


metallic  and  oxide  states  14,31].  In  comparison  with  the  mono¬ 
metallic  catalysts,  the  Nis7Pti3/MA  catalyst  exhibited  a  negative 
shift  of  Ni  2p3/2  BE  of  metallic  Ni°  (0.3  eV)  and  a  concurrent 
positive  shift  of  Pt  4f7/2  BE  of  metallic  Pt°  (0.9  eV).  These  results 
indicate  that  Pt  acts  as  an  electron  donor  and  its  incorporation 
results  in  an  increase  of  electron  density  of  Ni  active  center.  As  a 
consequence,  back  electron  donation  from  Ni  to  the  antibonding 
orbital  of  N2H4  might  be  enhanced  [32  .  This  consideration  may 
roughly  explain  the  activity  enhancement,  but  the  effect  of 
alloying  on  H2  selectivity  remains  unresolved.  In  this  regard, 
coupled  theoretical  and  experimental  studies  are  still  required  for 
elucidating  the  relationships  between  the  electronic  structure  and 
catalytic  performance  [33-35],  which  may  provide  guideline  for 
the  design  and  synthesis  of  high-performance  heterogeneous 
catalysts. 

4.  Conclusions 

By  using  a  simple  one-pot  EISA  method,  we  synthesized  a  series 
of  Ni-Pt  bimetallic  catalysts  that  are  composed  of  tiny  alloy 
nanoparticles  immobilized  on  the  mesoporous  alumina.  These  Ni- 
rich  nanocatalysts  showed  a  favorable  combination  of  high  cata¬ 
lytic  activity,  100%  H2  selectivity  and  satisfactory  durability  in 
promoting  hydrogen  generation  from  H2O  at  mild  conditions. 
For  example,  the  Nis7Pti3/MA  catalyst  enabled  a  complete  decom¬ 
position  of  N2H4  H2O  to  generate  H2  within  5  min  at  50  °C  in  the 
presence  of  0.5  M  NaOH  and  retained  98%  of  its  initial  activity  at  its 
10th  time  usage.  Such  catalytic  performance  stands  out  as  the  top 
level  of  the  N2H4  H2O  decomposition  catalysts  reported  to  date. 
The  facile  synthesis  of  high-performance  and  cost-effective  Ni- 
based  catalyst  is  of  clear  significance  for  the  development  of 
N2H4  H2O  as  a  viable  hydrogen  carrier. 
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